zki (1993) noted that genetic engineering in sugarcane would be a useful tool for reversing single flaws, such Burner and Grisham, 1995; Oropeza and De Garcia, 1996; was high in Exp. 1, with tonnes of cane per hectare (TCH) ranging Sreenivasan and Jalaja, 1998; Arencibia et al., 1999). of tissue culture treatments varied between cultivars, and they recommended that the effects of tissue culture on sugarcane be examined on a cultivar by cultivar basis.
S ugarcane mosaic virus has recently been increasing
The increased genetic variability associated with soin frequency and extent in the Everglades Agriculmaclonal variation may produce beneficial characteristural Area of Florida (Comstock et al., 2000) . Sugarcane tics as well as deleterious ones. Larkin and Scowcroft mosaic virus had devastating effects on the nascent sug-(1981) identified genetic variability generated by tissue arcane industry in Florida in the 1920s (Bourne, 1972) . culture as a potential source for plant improvement. Given the potential damage of SCMV to the $1-billion They noted that somaclonal variation in sugarcane was dollar Florida sugarcane industry, there is concern about easily obtained and affected important yield characteristhe epidemic potential of this disease.
tics. Although somaclonal variation may be used to add Genetic transformation combined with field selection desired attributes (e.g., disease resistance) to sugarcane, may increase sugarcane yields and resistance to diseases they cautioned that stringent field testing was necessary such as SCMV (Birch, 1996) . Previously, genetic transto determine the full extent and effect of genetic changes formation has been used to transfer herbicide resistance in putatively beneficial somaclones. Liu (1990) reported (Gallo-Meagher and Irvine, 1996; Falco et al., 2000;  agronomically useful sugarcane mutants obtained through Leibbrandt and Snyman, 2003) and insect resistance tissue culture-induced somaclonal variation with greater (Arencibia et al., 1999) into sugarcane. Birch and Maretstalk number, stem length, and sucrose content than the donor plants, and Leal et al. (1996) ing several ratoon crops of sugarcane. Transgene position effects, copy number, and gene silencing mechanisms can also alter expression levels PCR Analyses and stability of expression across time. Therefore, it is In view of the vegetative growth habit of sugarcane, the crucial that agronomic analyses be conducted in the field transgenic plants were regularly analyzed by PCR for the presacross several generations to ensure the stability of transence of both the selectable marker gene (nptII) and the transgene expression. However, despite its importance, agrogene (Ubi-eut). The primer pairs used were as follows.
nomic analyses of transgenic sugarcane generally have nptII: 5Ј GGT GCC CTG AAT GAA been lacking (Falco et al., 2000) , or reports have focused on only a single transgenic line (Leibbrandt and Sny-CTG 3Ј (sense) and 5Ј CCC CTG man, 2003) . Evaluation of multiple transgenic lines is ATG CTC TTC GTC 3Ј (antisense) necessary to identify those with the most desirable agronomic characteristics and to verify stable and effective SCMV-coat protein: 5Ј TTT AGC CCT GCC transgene expression. Cober et al. (2003) evaluated trans-TTC ATA CG 3Ј (sense) and 5Ј CAT GTG genic soybean lines for field resistance to white mold, but to our knowledge there are no published reports of GGC TTC CTT AGC TC 3Ј (antisense). field resistance to SCMV in transgenic sugarcane. 
MATERIALS AND METHODS
genics included 82 plants derived from 'CP 84-1198' (Glaz et Transformation, Selection, and Regeneration al., 1994), and 18 plants from 'CP 80-1827 ' (Glaz et al., 1990 ).
of Transformed Plants
There were four VR lines in the experiment. Each VR line represented plants obtained following separate bombardEmbryogenic cultures of sugarcane were established as dements of callus derived from either leaf rolls (VR 1) or infloresscribed by Gallo-Meagher et al. (2000) . A total of 386 sugarcence tissue (VR 4, 14, and 18). There were 14 VR1 line cane plants was regenerated in vitro following biolistic transtransgenics and four VR 14 line transgenics (CP 80-1827 parformation with nptII and an untranslatable form of the SCMV entage), and 24 transgenics of line VR 4 and 58 transgenics strain E coat protein gene (Ubi-eut). The embryogenic callus of the VR 18 line (CP 84-1198 parentage). cultures were co-bombarded with equimolar concentrations Experiment 1 was planted 14 Feb. 2001 at the EREC in a of the two plasmids according to Sanford et al. (1993) . The randomized complete block design with three replications. selection and regeneration of transformed plants was done
The experimental site was chosen in part due to the presence essentially according to Gallo-Meagher and Irvine (1996) , exof sweet corn (Zea mays L.) in adjacent fields contributing to cept that resistant calli were selected with 15 mg L Ϫ1 geneticin high SCMV disease pressure in the area. Three control plots and regenerated shoots were rooted on medium containing of nontransformed CP 80-1827 and CP 84-1198 parents were 45 mg L Ϫ1 geneticin. Transformation via particle bombardment included in each replicate. Each plot consisted of a single row, with plasmid vectors carrying the kanamycin resistance gene 3 m long with 1.5-m spacing between rows and a 1.5-m break (pKYLX80) and the untranslatable SCMV strain E coat probetween adjacent plots. Experiment 1 was harvested on 9 Jan. tein gene (Ubi-eut) (Gallo-Meagher, 2004, unpublished no. of plots rated) ϫ 100.
[1]
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RESULTS
indicates all plots were infected. (Fig. 1A ) and 4 to 32% greater t Ϫ1 ), the harvest random samples were ground and the crusher stalk weight (Fig. 1B) than transgenics derived from CP juice analyzed for Brix and pol. Brix, which is a measure of 80-1827 in the PC, 1R, and 2R crops (stalk weights were percentage soluble solids, was measured using a refractometer not significantly different in the 2R crop). The KST was which automatically corrected for temperature (Meade, 1963) . also significantly greater for plants derived from CP 84-Pol, which is a unitless measure of the polarization of the sugar solution, was measured using a saccharimeter. Sucrose 1198 in PC, but this difference was not maintained in 1R ) was also calculated, genics led to significantly greater TCH (Fig. 1C) and which takes into account harvesting, transport, and milling TSH (Fig. 1D ) in PC (65 and 73% greater, respectively), (11-15% infection) than for CP 80-1827 transgenics (33-Analyses of variance for sugarcane yield components were 50% infection) across the three crops (Fig. 1F) . , representing an eight-to nine-fold differ- ence in yield characteristics among clones. In comparifold difference in TSH) and 2R crops (12-fold difference in TCH and 12-fold difference in TSH). Agronomic son, the commercial checks varied from 1.2 to 1.9 kg stalk Ϫ1 , 82 to 163 t cane ha Ϫ1 , and 10.5 to 21.4 t sucrose performance of the transgenic materials ranged from near crop failure to double the yield of the commercial ha
Experiment 1

Ϫ1
, representing a two-fold range in yield characteristics. Similar ranges in transgenic yield characteristics checks. Variance component estimates (Table 1) revealed that variance attributable to genotype was Ն error varioccurred in the 1R (7.6-fold difference in TCH and 7.2- n ϭ 58) and VR 4 (n ϭ 24) from CP 84-1198 parents, and VR 14 (n ϭ 4) and VR 1 (n ϭ 14) from CP 80-1827 parents. ‡ Means followed by the same letter within a crop age and parent group are not significantly different (P Ͻ 0.05). § Cane yield variance components ϫ 10 Ϫ2 . ¶ Economic index variance components ϫ 10 Ϫ5 .
ance for stalk weight, TCH, TSH, and EI in PC. The persymptoms in the field. Regarding the rationale for seleccentage of variation attributable to genotype effects was tion of the higher-ranked clones, VR 18-54 and VR 18-9 generally lower in 1R and 2R crops than PC for these had the highest EI in the PC crop. VR 18-33 was not yield traits. However, the ratio of KST variance attributselected for increase due to the presence of leaf scald able to genotype was notably low across crops, indicat-[Xanthomonas albileans (Ashby) Dowson] disease and ing that transformation procedures had a greater effect poor agronomic performance in the ratoon crop of Exp. 1 on sugarcane plant biomass than sucrose accumulation.
(data not shown). VR 18-69 and VR 18-10 were chosen due to high EIs in both the PC and 1R crops. VR 18-57
Experiment 2
and VR 18-93 were not selected due to SCMV symptoms in the field. Finally, VR 18-8 was chosen over similarly Experiment 2 was conducted using the 30 VR 18 accesranked clones due to excellent ratoon performance in sions selected in Exp. 1. Sixteen of the 30 accessions Exp. 1. had higher EIs than CP 84-1198 in PC (Table 2) , and Genetic variation in the transgenic population de-14 of 30 had higher EI in 1R (Table 3) . Of these, six creased with increased selection pressure from Exp. 1 were selected for planting in increase plots based on PC to Exp. 2, with TCH ranging from 70 to 149 t ha Ϫ1 in data: VR 18-8, VR 18-9, VR 18-10, VR 18-54, VR 18-69, and VR 18-73. None of these accessions exhibited SCMV PC and 74 to 138 t ha Ϫ1 in 1R, and TSH ranging from On the basis of a combined five crop-years of data from 80-1827 (data not shown). Such a tissue culture response may have resulted in less opportunity for somaclonal the field, two VR 18 accessions were planted in 0.25-ha multiplication plots in 2004. In variation because of the shorter time spent in culture.
Our results indicate that the effects of genetic transforaddition, 37 accessions from all four VR lines are being used in breeding efforts to combine resistance to SCMV mation in sugarcane differed substantially for these two cultivars. strain E in this material with SCMV strain H resistance from other sources.
Transgenic barley plants were improved by cross-breeding to transfer the transgene to more suitable genotypes (Horvath et al., 2001) . Additionally, Butterfield et al. (2002) showed that transgenic sugarcane plants that disBoth agronomic performance and disease resistance played stable inheritance of their transgenes could be data strongly indicate the superiority of transgenic plants used successfully as parents in a breeding program. generated from CP 84-1198 compared with CP 80-1827
DISCUSSION
However, due to potential meiotic instability of SCMV callus tissue. Reasons for the superiority of CP 84-1198 resistance conditioned by posttranscriptional gene sitransgenic accessions may include both higher yield polencing, it would be prudent to screen adult plants for tential and disease resistance in the starting parent materesistance, as seedling phenotypes were unreliable. A rial, as well as a greater tolerance of the cultivar to similar strategy may be necessary for transgenic materigenetic transformation. Cultivar release data reveal that als from genotypes such as CP 80-1827. CP 84-1198 had higher KST (relative to the CP 70-1133
Significant differences in performance among VR control) than CP 80-1827; however, sucrose yields of lines cannot be entirely explained by transgenic parent, CP 80-1827 were higher than those of CP 84-1198 (Glaz as the two superior lines (VR 14 and VR 18) originated et al., 1990, 1994) . Both cultivars exhibited resistance from different cultivars. Differences in performance to SCMV when released, but CP 80-1827 was more may have been due in part to differences in the explants susceptible to SCMV (22-56% infected plots) than CP used for transformation. VR 1 accessions, which had the lowest average yield in all three crops, were regenerated 84-1198 (0-11% infected plots) in this study (Table 1) . J.C. Comstock. 1994 . Registration of 'CP 84-1198 
